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MULTI_LAYER SCREEN AND DOWNHOLE 
CX)N!PLBnON METHOD 



Field of ttie Inventioii 

[0001] The field of .this invention relates to downhole screens, which can be 
expanded into contact iwith flie fonnation. 
Backgroupti of fl>e Invention 

[00021 Downholescreensareusedinavariety of different qjpUcations. As part of a 
common procedure called gravel packing, the sraeens are deposited adjacent the 
piodudng formation and the surrounding amwlar space is filled with sand known as 
gravel. Various fibrieation tedmiques have been developed fi>r manufecturing such 
screrais and a typical exan^le is illustrated in US Patsttt 5,611,399. 
[00031 More recently it has been detennined that it is desuable to reduce the size of 

Ihe annular space between the screen and the fonnation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along tiie screen, which, in 
torn, lessens ttie production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansiop techniques for a downhole screen is 
shown in U.S. Patent :6,012,522. In this patent, overlapping segments of screen are 
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puce. o. a ^ pipe. " expa^ied ^ 

capadly to vdAstand oollqee. 

1*; «i«e eroansions ate: U.S. Pateat 5,901.789 and 
[00041 Other patents relating to pipe expansions are 

5366,012. 

^ .„ a. ae^docatton Mo^ed by expansion to xadoce fl» votan. .f *e 
^..pa«a«»a«»sc«e. Y«»»to<*ieo.of«>.inven«»nisto«^*e 
^ .gainst fte forrnafion to endxdy elin^au 11» annnte space a™^ 

o^ecttve of «.e p«s«t inven*^ is to aiiow *e use of simctore of fte 
^ao^^leev^^ahoote^o. Ano*«obiec«veof ^»pr.s^in«m- 
i, to decease ^ - """^^ 

objecttve of*. P«a«. tav««on is to p^vide a si^candy sponger 
^ to fini^ed pro<tac, «in* even ate expansion p^senlB . greater 

^ee to coBaps. Anofter o«ec* of «» invention is to pn>vid^ - - 
possible, umtanty ind. opening si«offl»fite.«onI.yera«er d^assembly « 
Anoier objective is to poMde snffident stiengd> in ihe a^bly. aftor 
exp.nsiontoaUowittobe«er«sis.differ«*l.pressur«. Still anod^r objective isto 

^nced«efl»rt«,niiedforexpansi<«andtos.agedaeove«ne^a.sionindisaeto 
.tops. Tl^se a»i other »lvan.ages of 4e present invention wiU be appreciated by 
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those sldUed in the art from a review of &e description of the preferred embodiment, 

which ^ears below. • 

;gTTMMARY Q Tf TWE INVENTHM 

100061 A downhole cbnq.letion meliiod and an «pandable filtratioa apparatus are 
disclosed. Hie filter assonbly con^ a phirality of layers beginning with a coated 
perforated base pipe. Hie coating reduces flie force required for «q«nrion. A 
drainage layer overlays the base pipe with die filtration layer above it The drainage 
layer improves flow dttough the filtration layer and protects it fiom bnrrs in the base 
pipe. A filtration enhancemeat layer fits over the filtration layer and an outer shroud 
protects flie assonbly during run in. Tie assembly can be used as made or expanded 
downhole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Fig. 1 is cutaway view, parfly in section,! showing the filter assembly. 
[0008] Fig. 2 is a section view along fines 2_2 of Fig. 1. 

100091 Fig. 3 is a section view of a first stq) in a mnlti step expansions of the filter 
assonbly. > 

[00101 Fig. 4 is a section view of a second stepin amulti step expansion of the filter 
assembly • 

[00111 Fig. 5 is a con5)arison performance diart comparing a known filter made by 
Bak« Hu^es called Exduder and two variations of die filter, of: the present 
invmtion. 

nFTAWED l>TCSr!RIl>nON -rmf PttBVERRED EMBODIMElSrr 
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1,0121 RefemogtoFig. l>e various l=y«so{a»P»fo«4 

i-^e^osl layer it . v^rt^ ^ ^ l"' ^ °' 

12. pip. 10 pro«4« a fln. SnmWoa fi* the U>y«8 The p«l«a of to 
ioles 12 k opanuzed to stito to best bala«» betweea coBapse «^ 
aad ™»nizrtto of to ft«. witdml to «P-Hl tUs Uy^ 

j<«Hioned outfit, as ^mUdescribedbeto^.Tbisoptind^ 

in to np^e of to dxrt 30%. The base ppe 10 caa h«re threads M and 16 at 

<^te ends to aUow section of to fflter assenftly A to be seeded togetet, gi>*« 
g«««torsioa».dte»sta.stt»Elhfi«tofflt«assen*lyA. A ooattog 18 made 
preferably ftom a plastic material caa be to iaside of to base 5«pe 10- The 

WWtfcrd Corp. ™n»&ctar«. to eoatiag aoder to name Xylan 1052.Ultimately. 
„I«a an expander 20 (see Fig. 3) is moved toough base i»pe 10, to coding IS will 

.educe to «><I»ired expansion «m». The greater coU^e resistance of to b^ 
10 j«onu«s borAole sUWHty afier e^^asiomlhe opthnization of to«5«i»gs « 
promotes to highest w-amion rate for a given matoid for base ppe 10 «Wle still 
leaving suffidenl inftow area tough to pipe openings or perforations 12. UAlg 

„und, rounded, or oval opening inst«.d of dots pnmdes for a mechanicany strongs 
fflt« assmibly A. In to preferred embodimen., to coating 18 is Xjte. and tt can 
provide a reduction inl reqdred force for a given eq»Bioa by as mud. as 50%. The 

coating 18 dso helps resistance to galling by to expands 20 or * subs«rKOt 
expander sudi as 22 (see Fig. 4). 

100131 Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe.ltt and filtration layer 26. Hie drainage layer 24 promotes flow 
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i«w«. *e tlMoa layer 26 «. the <^ « of base pipe 10. In toe 
«„b« a.e» layer 24 tea weave. ».eo«d ih>m abroad array 

.f n»Wa. A braidri weave dedga ia emreafly prcfcrr^ 

patten. oaabeused.Tl.e,r.fe™dm.te.i.l is avdl*l.fiomI..a<vBoae«..6"3M 

SS Brdd 600_3MB. Tl» draimge layer 24 protect fl» filWtioo layer 2« fe^ 

„rpuoke««ouodtf«.dg«ofopei.i«g.U.I«fl»even.ofhigk<M^ 

to j^doction, fl» p.es«ce of a« drainage layer 24 provide sm^ 
fi. to fltaaon layer 26. The braided wire dntage l.y« M «.dd be substitu.^ 
■ ^«,aabro»dofsometype.akintoouteahro»dHthalwo«Mh«»a.a»do£t 

the base pipe 10. 

lOOMl Momtcd overite drainage layer 24 is flie ffl«A« 1^ 26. Tte fflWfioa 
l.y«26hasmiformopeDings.TtepB*rredmaterialiaa4«dalt,peof.TwinD»«^ 

weave. «a malerid gives very rdiable »dfcnmW to fte op«4.g size, after 
...^^ to n«mn« a^re can be confident in to partide size. 
pass ffltrationlayer 26 wMe giving greater protection .g»nstph^ora«p^ 
of too n>.ny partides. As shown in Fig. 1. to fillr-ion layer 26 is oH»>ed at 
a.^0 to to tan^todirial «ds of to fite «»en«y A. TUs an^e canbein to range 
of about 10 to abort 80 degrees with dxn* 20 degrees bdngprefered. Orienting to 
ffltering I.y« 26 at to «^ le aUows minimization of change in opening size ari 

«J&muty, resnlttog.ftom expansion. Tie Dnteb Twin w»r,e provides greater 
dnrabiUty and particle holding oapsdly. Negative effects on hde »ze and nniformity 
as a result of e^^ansion are ftetor nnnhnized by naing a reverse weave,Twin ^ 

pattern. A reverse «,eave is one where to dito^ of to weft (shute) wires 28 is 
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tagera««tow«pv««.30byasm-.oh^abo».50p««rt.'n.eoombta.tioaoffhe 
aagular pUom,»t of , the ffl«aSon Uyer 26 by a sphd wi.*g teohmque coupled 
wHh . r=ve»o weave yield, a m«e p«dioU,le and uriftnn ope»tag stoe after 
expansioiL 

,00151 Momoed over Ae filBatioa 1^ 16 is ft. filtnito. -ta»«»»t layo M. 
TOs tay« pron«*es gre-er fl»» oo.*«*><ty fiom the o»tea««l ta^^^ 
^^34.Uy=r32.c.s..aco«seiD.«.ol.yer26«.d,«.l»U!athelifcofia^ 
tayer 26. Ws catt be ae«i i« fte g«ph of Fig. .5. where the additio. of to ffltraflon 
ed^eot 1^.. is porve 36. 11« a«ne iita asse^Aly A of the preaeot i«v«.to 

tat wiftoul the ffltnilioa mhancemettt tayer 31 is ilh^trated by 

represent, fte p«fi»n^ of a too™ t™h«* 

Exoluder. Fig 5 readay demomtrates the addition of fte ffltrrtion 

Uyer 32 n«dy triples the time it takes to buttd <w a ba<ipressore of 40 PSIG fcr the 
same flow eonditioos: Leaving out tte ffltralita euhancaneut layer 32 dso makes 
a«t verdou of fte present mveoto perfcm. somewhat comparably t» the taown 
Bxdoaer design. Several difeeut w«>ve types are s«t*le for lay« 32 such as: 

«p3.e,^,e. Compound Balanced. Ti^tTu* and Braided We»«.. A smtable 

CB 3 96 192J21/24/A metallic material is prdfen^ 

[00161 nie outer shrood 34 is preferably formed from spiraUy vMng a perforated 
sheet into a tube. Tlie hole size aad pattern is optimized to fecffitate 
provide sufficient coll^ resistance in the exi>anded state. It is desired to have tiie 
inflow area of the openings maximized but to limit the opening size and use a 
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*gg«d pattern so ttat to outer stooud ™n iKrt budde or tear, when «panded. The 
pri^ purpose of the outo shroud 34 is to protect the layer below ftom d»uage 
during tun in* 

100171 m lay^ can be joiBed together by swaging to reduce flie outside diameter 
of fixe filter assembly A. Swagmg also makes the various layers act as one m&i regard 
to expandon and provides greater strengflx against collq«e after e^ansion. It is 
preferred to anneal the components individually before swa^g or to amieal the 
filtration assembly A afl«r aU tiie conq)onents have been assembled. Doing this 
permits a greater degree of expansion vdtixout Mure. This benefit is particularly 
appUcable to the base pipe 10. The type of amiealing envisioned is solution amiealing 
to 1 800 degrees F. Amiealing of die base pipe 10 is done before applymg the coating 
18 due to tiie inabiUty of the coating 18 to withstand the amiealing temperatures. 
Sintering can be used instead of swagmg to jom the layers together. Th^ 
preferably assembled m fee foUovnng mamier.ifiie braided wire of suitable drainage 
layer 24 is placed on the base pipe 10 which has previously been diiUed witii holes, 
coated and threaded. Th«i, the filtration layer 26 is wrapped at an angle over flie top 
of &e dramage layer 24. Anolhw layer, called the filtration enhancement layer 32 is 
placedoverthetopofthefiltrationlayer26. Then, an outer shroud 34 is placed over 
the filtration enhancafaent layer 32 and tiie totdl package is run throu^ a set of dies 
tiiat swages or forces all components to vigorously contact each otiier. i 
[00181 -Hie filter assembly A has flie advantageiof superior performance, :whefher it is 
expanded downhole of not. If it is not expanded, it can be gravel packed in the known 
mamier. Figs. 3 and 4 illustrate a unique step.wise expansion technique. In a first 
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st^, an expander 20 which may be a fixed cone or a cone wiih variable diameter is 
^noved downwardly through the filter assembly A to achieve about a 1 5% expansion. 
At the lower end of the filter assembly A a cone latdi 42 engages a fixed or variable 
diameter expander or «one 22 to increase the overall e^ansion to as much as 50%. 
As previously stated,: more expansion steps can be used and di^ degrees of 
sl^_^ eq,ansion and overall e^ansion can be obtained with this tedmique. It 
should be noted that the second expansion does not necessarily have to ^ttoceed in a 
diiection opposite the fiost eiqpansion. 

[00191 Therearemaiiy^Ucationsofthefilterassemblyoffliepre8eatinvention.In 
horizontal open hole completions there are usaaUy more than 1,000 feet of contact 
with the productive fonnation. somethnes in excess of 9,000'. Because there is so 
xnuch contact the amount of production per foot is v«y low. In most cases if the 
flieorelical production per foot was traveling irio a screen directly opposite of the 
formation then the velodty would be too low to transport sand ftom unconsoUdated 
fo^ons or came erosion. TTiere are many wells in which erosion is. taking place 
andsandisbdngproduced. Pr^y fliere are a cox5,le of flxeories that explain this 
occonence. First the formations may be so unconsoKdated that they simply fell apart 
when the pressure in the wdl bore used to control the weU daring Idrilling and 
convicting the wen is removed. This is referred to as hole or formation: collapse. A 
second possTbiUty is that fluid flows along the path of least resistance. !Ihis may be 
on the mside of a screen that is in place or along the outside. As the flow proceeds 
towards the begmning of the open hole section, the accumulative effects of 
production means the .velocity is much hi^er towards the top section (begimiing) of 
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*eopenlK.W.ms,«oci.y(»cmn»l«.aflow)o«.b.Mgh»o»sh<»*eo«sid<=of 
«« K«ea to IMsportismd and to erode tte S«ima<m and sa»e^ 
im»l B, Bpmdtog ««en in m oi«a hole torizontal weU *e .nnulvsbe^reea to 



screen j 



,«^fl»fom.atoc«>b6greatty«a»edar.»«diidBated.R«^ 

me«» g«afc« «si^ to flow ««i 
toe*dorofil.esa.««.dto«««do.teWerior. •Ih.t.a»cS<«i««enorfl»w 
me«« tower vdodtone^towdlboreandtheretee less sand Wn,K^^ 

less erosion effects- ' 

[00211 E^on can also aid in fonnatton stabiUty by physically supporting &e 
formationiflhescreeaise^andedi^ntilitistobdu^ Uris support in 

turn could prevent th^.coUapsing of (he fonnatfontvhen the pressure in the wdl bore 
isieduced. 

. [00221 Incased hole^lications filtration assemblyAoffers^eadvantageofalargp 
insidediametc^fortemedialworkbelowits installation. Another advantage is that in 
ftacpacfe and gravdpacte an &at is necessary to do istoplacefhepropp^ 
intheperforationtannelsandfonnationfiactwes. Annular pads betweto the saeen 
and fte casing. wMdi ere ofien difficdt to adueve. are not necessary since e:q.anding 
screearanovesthisannulus. The filter apparatus A could also be used in coigunction 
with a fiac padc or gravel pack and subsequently expanded to bade fiU any voids in 
the annulus I padc or perforations not filled. 
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We claim: 

1. An expandable filter assembly far downhole use, comprising: 

a base, pipe having an inside surfece. a longitudinal .axis, and a 
plnrality of opedng^ 

at least one filtration layermourited over said base pipe, said layers 
each being aimealed to fedHtate subsequeot «q«nsion downhole. 

2. The assembly of claim 1, whaein: : 

said filtration layer and said base pipe are individually amiealed prior 

to being joined together. 

3. The assCTibly of claim 1, wh^ein: i 

said filtration layer and said base pipe are annealed after being joined 

together, 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F, 

5. The assanbly of claim 1, wherein: i 

said inside surfece of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly ©fclaim 5, fiirttier comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 
1. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, whetdn: 

said staged expansion occats in opposed directions. 

9. The assembly of claim 6, wherdn: 

dimen^on. 
10. The assembly of claim 6, wherein: : 

saidfiltering layer comprises a weave having weft and warp wires and 
^erdB one of said weft and warp wires is disposed at an angle of 
about 10-80 dc^ees wiih respect to tiie longitudmal axis.of said base 
pipe. • 

11. The assembly of claim 10, wherein: i 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 

12. The assembly of claun 10,wheran: > 

said at least one fihration layer furflier con^ a woven drainage 
layer on said base pipe and a mahx filtration layer, said drainage layer 
pKjtectingsaidmainfiltrationlayerftomburrsmopenmgsinsaidb^^ 

pipeandprovidingmechanicalsupportforsaidmainfiltrationlay^:. 

13. The assembly of claim 12, forther conqmsing: 

a filtration enhancement layer mounted over said main filtration layer 
and fi^er comprising a weave.-said drainage layer and said filtration 
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ertocement layer are spirally womd to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14.1116 assembly ofclaim 10, wherein: i 

said opening? in said base pipe ate torad, ronnded or oval. 
15. An eaqiandable filter assembly for downhole use, comprising: 

a base, pipe having an inside , surfece, a longitudinal ,a«s. and a 

plurality of opaiings; 

at least one filiiation layer mounted over saidbase pipe, 

said inside surfece of said base pipe is coated to reduce ttie fi)rce 

neededifor siabseqaait expansion, 

16. Hie assanbly of clahn 15, \dierein: i 

said coating is made of a plastic mataial and said openinp are round, 

rounded or oval. 

17. The assembly of claim 15,fijrther comprising: 

an expander cqwble of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, whaein: > 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees wilh respect to the longitudinal axis:of said base 
pipe. » 

19, The assanbly of claim 18, wheran: i 
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said layers e«* betog ana=d»I .« Mitate subse,u»t «paB.ion 
dowDhole; 

aaid fflWto lay« a»d said base lay« »e -aged tog^ter and srid 
degrees F« 



20. AnexpaBdable filter assembly for downhole.use, comprising: 

a base, pipe having an inside surfece, a longitudinal 
plxirality of opoain^; 

atleastonefiltaifioalayecmonnted over saidbase pipe; 
an expander capable of mnlti-stage expansion of said base pipe and 

said filtration layer. 

21. The assembly of daim 20, wherdn: i 

aaidbasejipeis«pa»dedinstag»«ptoab««30%J»veitsoriginal 

dimenaon. 

22. The assembly »fclaim 20, wherein: i 

said layers eadx bong annealed to fedUtate subsequent e^ansion 

downhole; 

said filtration layer and said base layer are swaged together and said 
amealing farther conq,rises solution amiealing at up to about 1800 
degrees F. 

23. The assembly of claim 22, wherein: 
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said filtering layer comprises a weave having weft and warp wires and 
wherm one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe. I 

24. An eqandable filter assembly for downhole iise. compri^g: 

■ a base, pipe having an inside .surfece, a longitudinal .axis, and a 

plurality of openings; 

at least .one filtration laya mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherdn one of said weft and waip whres is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe. • 

25. The assembly of claim 24, wherem: i 

said weft wires have a larger diameter to said warp wires by as 

mudi as about 50%. 
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